Abstract: At the Ebro River delta colony in the western Mediterranean Sea, Audouin's gull, Larus audouinii, breeds in discrete aggregations called subcolonies, which showed strong differences in breeding parameters such as egg volume or breeding success. Egg parameters (such as size of both eggs and clutches) are strongly influenced by food availability. As all subcolonies are in the same area, differences in egg parameters might reflect different individuals' foraging efficiency. We measured mean clutch volumes in different subcolonies and chose those subcolonies that showed the greatest differences in this measure, which should indicate differences in parental body condition. Between these subcolonies we would expect, in turn, differences in offspring sex ratios. We took blood samples at hatching and fledging from chicks at these subcolonies and compared offspring sex ratios by means of molecular sexing. The proportions of young breeders differed between these subcolonies, and the subcolony with the greater proportion of young breeders produced smaller eggs and had lower breeding success. However, we did not detect any bias in progeny sex ratio, which probably indicates that if parental condition is not extremely reduced, selective pressures are insufficient to overcome the constraints imposed by Mendelian segregation of chromosomes.
Introduction
argued that the offspring sex ratio is the result of natural selection for equal investment in male and female offspring. As the sex ratio is frequency-dependent, if there are no other forces acting, the average sex ratio will be 1:1. Hatchling and nestling sex ratios have been frequently studied in sexually dimorphic birds because this difference in size between the sexes may involve a differential rearing cost (Fisher 1930; Clutton-Brock et al. 1985) , and hence the less expensive (i.e., smaller) sex should be overproduced. Alternatively, theories of facultative sex ratio manipulation posit a number of circumstances in which it would be profitable for parents to skew the sex ratio of their offspring (Trivers and Willard 1973; Charnov 1982) . Thus, the sex of the progeny could vary according to circumstances at the time of breeding (Myers 1978; Frank 1990; Gowaty 1991; Wiebe and Bortolotti 1992; Komdeur et al. 1997) . For example, when resources required for parental investment are limited, parents should manipulate the sex ratio to lessen the risk of reproductive failure (Wiebe and Bortolotti 1992; Cockburn et al. 2002 ).
Audouin's gull, Larus audouinii, is an endemic Mediterra-nean seabird with sexual size dimorphism, males being 20% larger at fledging (Oro 1998) . The Ebro River delta in the western Mediterranean Sea holds the world's largest colony of the species. Audouin's gulls obtain large quantities of food in the form of fish discarded by trawling fishing vessels, having access to an extra food supply when these are operating (Oro et al. 1996a (Oro et al. , 1996b (Oro et al. , 1997 . Egg parameters (such as both egg size and clutch size) in this species and this colony are strongly influenced by food availability (Oro et al. 1996b (Oro et al. , 1999 . Gulls at this colony breed in discrete aggregations called subcolonies, which show strong differences in breeding parameters (as clutch volume, clutch size, and breeding success). As all subcolonies are in the same area, differential food availability cannot be the explanation for such variation. At some subcolonies, parameters such as size (i.e., number of nests) do not explain this variation, the most probable explanation being the association of gulls of differential quality or breeding experience. We evaluated offspring sex ratios in this gull in subcolonies with differences in breeding parameters. As males of this species are larger than females, and previous studies of the species showed that males are more susceptible to a low food supply (Ruiz et al. 1998; Genovart et al. 2003a) , we expected that parents in poorer body condition or young breeders would experience more difficulties in provisioning offspring of the larger sex, as has been found in other studies (Nager et al. 1999; Weimerskirch et al. 2000; Daunt et al. 2001) . Consequently, we would expect a stronger female bias at hatching and higher male mortality during the nestling stage in subcolonies with lower breeding parameters.
Methods
Data were collected during 2001 and 2002 in the protected area of the Punta de la Banya (Ebro River delta, Catalonia, Spain; 40°37′N, 00°35′E), a flat sandy peninsula with an area of ca. 2600 ha. Gulls breed in vegetated dunes that are separated from each other by bare sandy areas of unsuitable nesting habitat. In 2002, ca. 10 100 pairs of Audouin's gulls (65% of the total world breeding population) in several subcolonies bred there.
With a digital caliper (±0.1 mm) we measured maximum egg length and width of a random sample of three-egg clutches (modal clutch size, based on ca. 70% of the nests; Oro 1998) from each subcolony before they hatched. We calculated egg volume (cm 3 ) as V = 0.000485 × egg length × (egg width) 2 following Oro et al. (1996b) and then calculated the mean clutch volume. We compared mean clutch volumes among subcolonies using ANOVA and applying post-hoc analysis (Tukey's HSD tests) to assess which subcolonies showed the strongest differences. We estimated the size of both subcolonies (as the number of breeding pairs; for methods see Oro and Ruxton 2001) and clutches (as the number of eggs per nest) and measured a random sample of two-egg clutches. We used egg volume as a reliable indicator of feeding conditions, in this case the parents' capacity to obtain food during the laying period (Oro et al. 1996b (Oro et al. , 1999 , and then chose two subcolonies that showed the greatest statistically significant differences in mean egg volume. We did not use clutch size because this parameter can be biased by differential predation rates among subcolonies (Oro 1996) . We performed a two-way ANOVA to compare mean clutch volume according to clutch size, subcolony, and the interaction term. In 2001 we took blood samples from hatchlings and fledglings, whereas in 2002 we took blood samples from fledglings only. We also estimated breeding success in both years and both subcolonies by means of the capture-recapture method, estimating the number of fledglings produced and then dividing by the number of breeding pairs.
As several authors have found that parental age is an important factor influencing reproductive performance (reviewed in Saether 1990; Pärt and Forslund 1995) , we looked at the age of breeders in both subcolonies to elucidate why the subcolonies differed in such important breeding parameters as egg volume or breeding success. A leg-banding program has been carried out at the colony since 1988, a number of chicks being banded each year (from 360 to 1435 depending on colony size) with a Darvic ring with an individual alphanumeric code. Previous studies had shown that the probability of first reproduction was highest at 3 and 4 years of age, then decreased sharply (Oro and Pradel 2000) . Consequently, we analyzed the proportion of inexperienced birds (3 and 4 years old) breeding in each selected subcolony from resightings of marked birds. Note that we did not analyze the proportion of inexperienced birds in each subcolony, but compared proportions of young breeders in the same year between subcolonies.
A small blood sample (ca. 50 µL) was taken from a leg vein of the chicks, with no observed ill effect. We collected the blood in a capillary tube and transferred it to a tube containing an approximately equal volume of preservative buffer containing 50 mM EDTA, 2% SDS, and 50 mM Tris, pH 8 (Griffiths et al. 1992) . Samples were stored for several weeks at room temperature before analysis. We sexed the chicks using the polymerase chain reaction (PCR) to amplify two CHD genes (Ellegren 1996; Griffiths et al. 1998) . DNA was boiled in NaOH for 10 min at 100°C before being added to the PCR. PCR protocols were modified from Fridolfsson and Ellegren (1999) and we used the designed primer set 2550F-2718R, scoring one band in males and two bands in females. The results were observed in a 3% agarose gel stained with ethidium bromide.
The brood identity of hatchlings was easily determined, so we used a logistic mixed model with brood identity as a random effect to test for differences in brood sex ratio between subcolonies in 2001. Moreover, this analysis was used to determine the magnitude of non-independence of sex among chicks in a brood (brood effect).
When analyzing fledgling sex ratios, brood assignment was not reliable, so a standard logistic regression was applied to test for differences in sex ratios. We used a logistic regression to test for differences in hatchling and fledgling sex ratios between subcolonies in 2001. Another logistic regression was used to test for a subcolony effect on the overall sex ratio of fledging chicks in different years.
An exact binomial test and 95% confidence intervals (CI) were used to examine the power of the test comparing overall hatchling and fledgling sex ratios in 2001. All analyses were computed with the GENMOD and GLIMMIX modules in SAS (version 8; SAS Institute Inc. 1999) and SPSS (version 11.0).
Results
We measured 2103 eggs in 2001, i.e., 701 three-egg clutches distributed among the 18 subcolonies formed that year. We found differences in mean clutch volume among subcolonies (F [700, 17] = 2.05, P = 0.008). Mean clutch volumes in selected subcolonies are shown in Fig. 1 . In the selected subcolonies we also measured 122 eggs, i.e., 61 two-egg clutches. Calculating mean clutch volumes of these subcolonies revealed a nonsignificant effect of the interaction between clutch size and subcolony (F [146, 1] = 2.017, P = 0.16) and of clutch size (F [146, 1] = 0.45, P = 0.50), but a significant effect of subcolony (F [146, 1] = 8.62, P = 0.04) (see also Fig. 1) .
Similarly, we measured 1725 eggs in 2002, i.e., 575 threeegg clutches (see Fig. 1 ) distributed among the 19 subcolonies formed. That year we also found differences in mean egg volume of three-egg clutches among subcolonies (F [574, 18] = 4.23, P < 0.001). In addition we measured 68 eggs in the selected subcolonies, i.e., 34 two-egg clutches. The ANOVA between these subcolonies revealed a nonsignificant effect of the interaction between clutch size and subcolony (F [90, 1] = 0.15, P = 0.90), and of clutch size (F [90, 1] = 3.798, P = 0.06), but a significant effect of subcolony (F [90, 1] = 23.32, P < 0.001) (see also Fig. 1 ).
Breeding success (the number of chicks fledged per breeding pair) in both years was lower in the subcolony with smaller egg volumes, though the differences were significantly lower only in 2001, as can be seen by looking at the degree of overlap between CI estimates of breeding success (see Table 1 ). In both years, average breeding success for all subcolonies was high: 0.996 (95% CI = 0.696-1.829) in 2001 and 0.943 (95% CI = 0.733-1.384) in 2002 (Oro et al. 1999) .
Neither subcolony, brood size, nor their interaction were related to the brood sex ratio at hatching (χ 3 2 = 3.65, P = 0.3). Moreover, the fitted model showed that the probability of male chicks at hatching was fairly homogeneous among broods (estimated variance of brood effect = 0.61, P = 0.14) and overdispersion was not observed (scale parameter = 0.89).
When we compared overall hatchling and fledgling sex ratios in 2001, adjusting for possible confounding or interaction effects of subcolony quality, we found no significant differences (χ 3 2 = 1.38, P = 0.71). In the lower quality subcolony we observed an apparent increase in mortality of male chicks (see Table 1 ), with a difference of 14% in the percentage of males between sex ratios at hatching and fledging. However, this difference was not significant, because samples were probably too small to have enough power in the test (the estimated power for the observed difference was 33%).
The fledgling sex ratio in both years showed no significant relationship with colony type, year, or their interaction (χ 3 2 = 0.18, P = 0.90). In both years the average percentage of males was 47.9% for good-quality colonies and 46.3% for the lower quality colonies.
In both years we found a significantly higher proportion of younger breeders in the subcolony with smaller egg volumes in three-egg clutches (2001: 20% in the lower quality subcolony and 8% in the higher quality subcolony, χ 
Discussion
Breeding performance varied greatly between subcolonies, confirming that there is a nonrandom association of gulls breeding within the same colony. The proportions of inexperienced breeders varied between these subcolonies, and the inexperience of first breeders probably accounts, at least partly, for the differences in egg size. An effect of age, mainly in first breeding attempts, has been found in other species (Saether 1990; Perdeck and Cavé 1992; Cam and Monnat 2000; Risch and Brinkhof 2002) . A lower foraging efficiency (Curio 1983 ), a lack of own breeding experience or experience with the mate (Pärt 1995; Black 1996) , or a higher proportion of lower quality individuals in the young category (Cam and Monnat 2000) may contribute to the age effect. Daunt et al. (2001) suggested that optimal sex ratios would differ in relation to parental age. In our study, however, contrary to what was initially expected, offspring sex ratios did not vary between subcolonies with different breeding parameters and different proportions of young birds. It may be that food availability was so high that neither inexperienced nor low-quality birds were forced to bias offspring sex ratios, because only when resources for parental investment are limited would parents manipulate this life-history trait (Nager et al. 1999; Cockburn et al. 2002) . During both study years trawlers operated during the whole breeding season, and food, at least, was not in short supply, as was confirmed by the high breeding success recorded (Oro 1998; Oro et al. 1999 ). Inexperienced birds probably had a lower capacity and consequently produced smaller eggs, but this constraint was insufficient to overcome the constraints imposed by Mendelian segregation of chromosomes.
We suggest that these differences in egg volume between subcolonies do not indicate strong differences in parental body condition. A more drastic demonstration of reduced parental condition would be a reduction in clutch size from three to two eggs, or even to one egg. In lesser black-backed gulls, Larus fuscus, Bolton et al. (1993) found a positive relationship between the level of flight-muscle protein at the start of laying and clutch size but not egg size. Sydeman et al. (1991) also suggested that clutch size reflects individual quality. When a trawling moratorium overlapped the laying stage of Audouin's gulls at the Ebro River delta, reducing the food supply, clutch size decreased significantly, reducing modal clutch size from three to two eggs (Oro et al. 1996) . This result also supports the idea that when food for this species is extremely depleted, there is a reduction in clutch size. Additionally, we found a significantly male-biased hatchling sex ratio in 1998 (Genovart et al. 2003b ). Food availability was similar to that in the years of the present study, but in that study we selected only three-egg clutches for sexing chicks. These results are also consistent with the idea that parents which reduce clutch size from three to two eggs would be in poorer condition than those which lay three smaller eggs, and would bias the sex ratio in a different way. Further studies comparing offspring sex ratios in two-and three-egg clutches in this species are therefore required.
Although we observed an apparent increase in mortality of male chicks in the lower quality subcolony, we found no significant biases in offspring sex ratio between hatchlings and fledglings. This was probably due to small sample sizes and the high food availability recorded during the study years. In previous studies, Nager et al. (2000) found that only among parents whose body condition had been experimental depleted did males suffer from poorer food conditions during growth and survive less well than females. In western gulls, Larus occidentalis, Sydeman et al. (1991) also found that differences in breeding performance between young and mature birds were more apparent during years when food availability was reduced.
